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Abstract 
Although the siphon has been in use since ancient times, the exact mechanism of operation is 
still under discussion. For example, most dictionaries assert that atmospheric pressure is 
essential to the operation of a siphon rather than gravity.  Although there is general agreement 
that gravity is the motivating force in a siphon, there is disagreement on how liquid enters a 
siphon – is it atmospheric push or tensile pull? This paper describes a classroom experiment 
that can serve as the basis for discussing how a siphon works. The experiment involves the 
construction of a siphon in which the water level in the upper reservoir is held constant 
during the operation of the siphon. Since the atmosphere is not doing any work on the water 
in the upper reservoir only gravity is at work. The special situation of a bubble-in-a-siphon is 
also discussed in which both atmospheric pressure and gravity are at work. 
Keywords:  siphon, Hero, gravity, atmospheric pressure, cohesion-tension theory 
Introduction 
This article is entitled the Secret Siphon since the siphon still holds secrets even in the 21st 
century.  There are varying opinions on what is the motive force in a siphon – is it 
atmospheric pressure, gravity or both?  Nearly all dictionaries and many textbooks and 
websites assert that atmospheric pressure is the motive force in a siphon. Recently there has 
been renewed discussion about how siphons work [1-3]. This debate has been succinctly 
summarized in the December 2010 update of the Oxford English Dictionary (OED) 
www.oed.com (subscription required): “the way the action of the siphon is explained has 
varied. A common explanation is that atmospheric pressure acts on the liquid in the upper 
container to push it into the tube as gravity pulls downwards the liquid in the lower length of 
tubing (so that a vacuum would otherwise form in the space vacated). Recently the rise of the 
liquid in the ‘up’ tube has been attributed to the cohesiveness or tensile strength of the 
moving liquid rather than to atmospheric pressure: the falling liquid in the ‘down’ arm in 
effect drags or pulls that in the ‘up’ arm. The following quotations illustrate the varying 
explanations…” (The OED then lists a series of quotations stretching back several centuries 
that also includes a paper from Physics Education [4]). 
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At the present time, virtually all English language and non-English language dictionaries, 
except for the OED, and possibly some Dutch dictionaries assert, or imply, that the motive 
force in a siphon is atmospheric pressure rather than gravity. This paper takes the discussion 
into the classroom to enable students, with the assistance of teachers, to resolve the issue of 
the operation of the siphon. 
The constant level siphon 
A siphon was set up as shown in the diagram in figure 1 and photograph in figure 2. A length 
of 8 mm internal diameter PVC tube was connected to a laboratory tap and positioned above 
a funnel. Another length of 8 mm PVC tube was attached to the funnel and immersed in the 
water. The purpose of the funnel was to break the fall of the water so that the kinetic energy 
imparted to the water in the reservoir is less than the gravitational potential energy released 
by water falling into the reservoir. The siphon tube was a 1.5 m length of 6 mm diameter 
PVC tube. A 50 ml syringe with a length of flexible tube attached with an outer diameter 
about the same as the internal diameter of the PVC tube was used to prime the siphon by 
suction. 
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Figure 1. Schematic diagram of the constant level siphon. 
 
After initiating flow in the siphon, the tap supplying water to the reservoir was turned on. The 
flow of water into the upper reservoir was adjusted to be nearly the same as the siphon flow. 
However, there was no need to get the flow exact as there is a natural feedback system that 
results in equal flow in and out of the reservoir, thus maintaining a constant level. If the flow 
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into the reservoir is slightly greater than the outflow, the water level rises, increasing the 
siphon height and therefore flow, so that eventually the outflow and inflow equalize resulting 
in a constant reservoir level. If the inflow is slightly less than the outflow, the level falls 
reducing the siphon height until outflow and inflow become equal, thus maintaining a 
constant reservoir level.  This feedback system obviates the need for flow meters to 
demonstrate equal inflow and outflow, which must be the case if the upper reservoir level is 
constant. (A video of a constant level siphon in operation is available in supplementary 
material). 
 
Figure 2. Photograph of the constant level siphon apparatus. Note that the height of the siphon outlet is above 
the inlet. 
In the classroom, the question can be posed about whether it is possible for the energy 
required to lift water to the crown to be extracted from the falling water - even if there were 
some mechanism of transfer. Students can be asked to think about how the kinetic energy of 
water dropping into a reservoir is dissipated (i.e. as heat and sound). The water entering the 
reservoir is in effect topping up the gravitational potential energy of the reservoir. Another 
interesting question is whether the constant level siphon would work in an airless 
environment, for example on the moon, if a fluid that does not boil at zero pressure were used 
(e.g. vacuum oil).  
A key question to ask in relation to the constant level siphon is how “atmospheric pressure 
acts on the liquid in the upper container to push it into the tube” (to quote the OED). It 
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would be useful to draw an analogy between a siphon and a piston in an internal combustion 
engine. In an internal combustion engine, the pressure of hot, expanding gas on the face of a 
piston is greater than the pressure on the other side of the piston (due the pressure of air and 
crank shaft) and so the piston moves down. When the piston rises, the upward pressure is 
greater than the pressure of the gas in the cylinder and so the piston expels exhaust gas as it 
ascends. If for any reason the piston cannot move, i.e. the engine has seized, gas cannot 
impart energy to the piston. The constant level siphon is analogous to an internal combustion 
engine with a seized cylinder. A good animation of a four-stroke internal combustion engine 
is available at http://en.wikipedia.org/wiki/File:4StrokeEngine_Ortho_3D_Small.gif. 
An interesting point to note is that the height of the outlet of the constant level siphon 
described in this paper, is above the siphon inlet, and there is clearly more tubing (and 
therefore mass of water) on the up side than the down side, and yet the siphon still flows. 
That a siphon will work in this configuration has been cited as evidence that the chain model 
is incorrect [3]. Students can be asked to use the atmospheric model of the siphon to explain 
how water can flow in the constant level siphon even when there is a greater mass of water in 
the ascending arm. 
The Hero siphon 
The Hero siphon is sometimes put forward as evidence that the chain model of the siphon is 
not valid, or at least not valid for all siphons [2]. A schematic diagram of the Hero siphon is 
shown in figure 3 and a photograph in figure 4. The essential aspect of the Hero siphon is that 
the volume of water in the ascending arm is greater than in the descending arm. Hero argued 
that if the chain, or pulley model of the siphon were correct, the greater weight of water in the 
upward arm would pull water in the downward arm back into the reservoir. This presupposes 
that water near the siphon inlet is connected to all the water molecules in the wider section. 
This is effectively the case in a solid, but is it the case with a liquid?  
Air space
Inlet
positions
 
Figure 3. Schematic diagram of the Hero siphon. 
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It should be pointed out that Hero’s reasoning, if true, would also apply to a normal siphon, 
and so on this basis we would expect that a siphon would never work if the volume of water 
in the siphon tube was less than that in the reservoir - which in practice would be the case for 
nearly every type of siphon. In nearly all cases the water in the upper reservoir would hold 
onto the water in the siphon tube and prevent flow.  
A constant level version of the Hero siphon was constructed (figure 4) and found to operate 
in the same way as a regular, constant diameter siphon. This suggests that atmospheric 
pressure is not pushing water into the inlet of the siphon and therefore the chain model is 
valid for the Hero siphon.  
 
Figure 4. Photograph of the constant level Hero siphon. The water level in the inverted plastic bottle can be seen 
above the general level of the reservoir. 
An intriguing aspect of the Hero siphon is that when the outflow end of the siphon is raised to 
the level of the water in the upper reservoir, flow stops. Flow restarts when the outlet drops 
below the upper reservoir level (see video in supplementary material). The extra mass of 
water in the ascending arm does not seem to affect the flow, and the Hero siphon behaves 
identically to a regular siphon with a constant diameter tube. This means that the water in the 
wide section of the ascending arm of the siphon is part of the siphon tube and not the 
reservoir, which maybe is surprising. If the depth of the inlet of the Hero siphon is varied for 
a given siphon height (figure 3), flow remains constant, as is the case for a regular siphon. 
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In a Hero siphon, atmospheric pressure plays a role in supporting the water in the inverted 
container. So, in the case of the Hero siphon it appears that both atmospheric pressure and 
gravity play a role, although, as in a regular siphon, atmospheric pressure is not the motive 
force. 
The bubble-in-a-siphon 
There is a special case in which atmospheric pressure is involved in the operation of a siphon 
and this is the situation where a bubble is situated at the inlet of the siphon tube. To perform 
this experiment, a siphon is set to operate in the normal way and a finger placed over the 
outlet to stop flow. The inlet of the siphon is lifted out of the water and the finger over the 
end removed to let some of the water out allowing air to enter the other end. The finger can 
be moved in small bursts to control the height of the air bubble. The bubble should be less 
than the height of the crown so there is some water between the top of the bubble and the 
crown.  The inlet end of the siphon tube is then reinserted into the reservoir and the finger 
removed from the outlet.  
As water flows out of the siphon, the bubble rises in the tube and water flows in behind the 
bubble. The siphon will run slower than normal (i.e. when there is no bubble) until the bubble 
has been completely ejected from the siphon. Students can be asked how water is entering the 
siphon even although there is no connection between the water flowing in and out. In this 
case cohesion between water molecules cannot be invoked to explain the inflow of water. 
The answer is that water flowing out expands the bubble, reducing the internal pressure of the 
bubble so it is less than atmospheric pressure forcing water into the tube behind the bubble. 
In the bubble-in-a-siphon experiment, water is on either side of the siphon crown, so another 
interesting question is what is stopping the water splitting apart at the crown as the bubble 
expands? Since the pressure inside the bubble is less than atmospheric and the pressure at the 
outlet of the siphon is atmospheric pressure, the out-flowing water must be in a slight amount 
of tension. The conclusion from this experiment is that in this special situation both 
atmospheric pressure and gravity are at work. 
A variant of the bubble-in-a-siphon experiment is to prime a siphon, put a finger over the 
longer descending arm, and then remove the entire siphon from the reservoir. When the 
finger is removed, water flows out of the siphon until it is empty. How does this happen? 
How does the water in the shorter, ascending arm of the siphon rise to the crown before 
falling down the other side? Could it be atmospheric pressure? In this case the water moving 
up to the crown of the siphon is slightly lowering the air pressure in the tube. The water 
flowing out slightly increases the pressure. Therefore the pressure gradient is from the outlet 
to the inlet and therefore cannot possibly be driving the water through the ‘naked’ siphon. We 
are led to the conclusion that molecular cohesion between water molecules enables water to 
be pulled up and over the crown. Therefore it seems reasonable that this is the same 
mechanism that operates in a regular siphon when the inlet is immersed in water. 
Another interesting question to ask students is how water enters a siphon when a finger is 
suddenly moved from the outlet. Initially, no water flows out of the siphon and therefore no 
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negative pressure is generated to enable water to be drawn into the siphon. However, water 
does enter the siphon. This again suggests that water flowing out of a siphon pulls water in. 
We might call this the siphon version of the ‘chicken-and-egg question’. 
Discussion 
The experiments described above demonstrate that ordinary siphons at atmospheric pressure 
operate through gravity and not atmospheric pressure. A good definition of the siphon that 
would serve as a model for dictionaries of all languages is found in the Oxford Dictionary of 
English (2008), which reads: “a tube used to convey fluid upwards from a reservoir and then 
down to a lower level by gravity.  Once the fluid has been forced into the tube, typically by 
suction or immersion, flow is maintained by the different fluid pressures at the tube 
openings”. (This definition is the same as that given by www.oxforddictionaries.com.) Note 
that this definition does not mention atmospheric pressure, which is consistent with the 
observational evidence of the constant level siphon that siphons operate through gravity 
independent of atmospheric pressure.  
Note that atmospheric pressure does sometimes play a role in priming a siphon. For example, 
if a syringe is used to prime a siphon (as it was the case in the experiments described above), 
when the syringe plunger is pulled out, the pressure in the barrel is reduced below that of 
atmospheric pressure and water is forced into the tube.  It should be noted that this method is 
only one of the three main methods of priming a siphon, the others being complete immersion 
of a siphon tube so that the air bubbles out, and use of a pump to force water into the tube. 
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